Background: Early environmental influences have been linked to child weight status, however further understanding of associations in diverse populations is needed. Methods: A cross-sectional analysis of household and family factors associated with overweight was conducted on a culturally diverse, urban dwelling sample of 820 first through third graders (mean age 7.6 ± 1.0 years) residing in three eastern Massachusetts cities. Overweight was defined as BMI > 85th percentile, based on measured height and weight, and the CDC growth reference. Multivariate logistic regression was used to identify demographic, behavioral, and social environmental variables significantly related to weight status. Independent variables included race-ethnicity, age, sex, servings of sugar-sweetened beverages/week, hours of screen time/week, parent overweight, (calculated from self-reported weight/height), parent education, household food restriction rules regarding snacking and/or kitchen access, frequency of having dinner as a family (reported as "a lot" vs. "sometimes/rarely/never") and child vitamin/ mineral supplement use. Selected interactions were explored based on prior studies. Results: Prevalence of overweight was 35.5% in girls and 40.8% in boys. In the final, adjusted model, compared to white children, the odds of overweight were higher in children of Hispanic race-ethnicity (odds ratio (OR) = 2.4, 95% CI = 1.4 -4.1). In the same adjusted model, compared to children with no household food restriction rules, the odds of overweight were 2.6 (95% CI = 1.3-5.1) times higher and 3.5 (95% CI = 1.9-6.4) times higher for children having one rule or two rules, respectively. Parent report of frequent family dinner and child vitamin use were protective, with a halving of risk for overweight for each behavior (OR = 0.47, 95% CI = 0.31-0.71 and OR = 0.54, 95% CI = 0.37-0.78, respectively).
Background
Although genetic contributors to childhood obesity and their interactions with the environment cannot be overlooked [1] , early environmental influences (during ages two-eight years) in child diet and physical activity have been linked to both current weight status and weight status later in life [2] . Davison and Birch have suggested, based on their longitudinal study of girls, that families can be classified by their patterns of dietary and physical activity behavior, in combination with parent weight status, as obesogenic or non-obesogenic [3] . Subsequent work has suggested that the relationships between child BMI and household environmental factors, such as parental control and feeding styles may be moderated by race/ ethnicity, socio-economic status and child age [4] [5] [6] . Although substantial evidence from primarily white populations supports the critical role of the family environment and highlights the association between parent weight status and household dietary and physical activity characteristics [6] [7] [8] [9] [10] , the relationship between household environments of young children and child weight status in racially and ethnically diverse populations has received less attention. In particular, it is unclear whether the relationships between household factors such as family meal frequency and rules and practices around food availability and access are the same across race-ethnic and socioeconomic spectrums. Given the higher prevalence of overweight in young non-white and lower socio-economic status children, identification of modifiable household environmental factors is essential to the development of preventive interventions.
Eating dinner together as a family has been associated with fewer sedentary activities, such as TV watching [11] , and higher diet quality in children [12] . Likewise, family meals have been positively associated with intakes of fruits, vegetables, dairy products, and several nutrients, and inversely associated with intakes of soft drinks [12] [13] [14] . Taveras and colleagues found a lower prevalence of child (ages 9-14) overweight in families that reported family dinner "most days" or "everyday", as opposed to "never" or "some days" [15] . Some evidence suggests that these beneficial effects may be moderated by race/ethnicity in adolescents [16] . The observation that the crosssectional associations identified by Taveras et al. did not persist in subsequent longitudinal analyses suggests that the relationship between family dinner and child weight status is complex and may be moderated by other factors [15] . For example, it has been suggested that the household environment in which meals are eaten, such as allowing the TV to be on or serving prepared foods, may attenuate some of the beneficial effects of family meals [17] [18] [19] [20] . Further, the relationship between family meals and obesity has been shown to be moderated by sex in Hispanic and non-Hispanic black children and some studies observe a positive relationship between family meal frequency and risk of obesity in Hispanic boys (≤ 12 years) living in low-education households [21] . In sum, further investigation of the associations among family dinner, TV, and child weight status in racially and ethnically diverse populations is warranted.
A considerable body of evidence links restrictive parental practices involving food, particularly snack food, with child overweight [7, [22] [23] [24] [25] . However, due largely to the cross-sectional nature of most investigations [7, 9, [26] [27] [28] the degree to which parental restriction is a response to child overweight rather than a contributor is not clear. An increased desire for restricted snack foods, compared to unrestricted snack foods was demonstrated in boys and girls ages 3-6 years [27] . Similarly, maternal restriction of foods was associated with decreased ability to self-regulate snack intake, greater snack food consumption and energy intake, and was predictive of child weight status in girls [7] . When this relationship was explored cross-sectionally in a sample of boys and girls, the association was observed only in girls [29] . Indeed, most studies of parental food restriction and child weight status have been limited to Caucasian girls of higher socio-economic status living in two-parent households [28] . The few studies conducted in more diverse populations have found either no association, weak associations, or inverse associations between parental restriction and child overweight [28, [30] [31] [32] . This represents a critical gap in the literature, inasmuch as the prevalence of overweight is higher in racial and ethnic minorities and in children from lower-socioeconomic status families [31, 33] .
Likewise, some evidence suggests that household norms surrounding food, child feeding practices and responses to child overweight are different across income levels and race/ethnicity. For example, focus group findings [34] demonstrated a higher propensity to characterize overweight body type schematic images as normal weight among African-American mothers and middle-income white mothers, when compared to low-income white and Hispanic mothers. Likewise, Hispanic mothers reported being more concerned about their children's health and their eating enough than about their body weight, while African-American mothers believed that their children would outgrow overweight and that higher body weight in childhood was healthy [34] .
Other studies of household norms and behaviors have found that household food availability and parental consumption of particular foods influence children's consumption [35] , and that child TV viewing is associated with increased risk of being overweight [35] [36] [37] . Consumption of sugar-sweetened beverages has also been consistently associated with excess weight in children [38, 39] . This paper describes the behaviors and demographic and household characteristics of a group of racially and ethnically diverse, urban-dwelling first through third grade children, and explores cross-sectional associations with weight status. The purpose of this investigation was to further elucidate the complex associations among household and family factors such as family dinner and food rules and practices surrounding food intake and weight status in a low socio-economic, racially/ethnically diverse population.
Methods
Data used in this analysis were collected in September 2003, at baseline, from children and their families participating in a larger community intervention, Shape Up Somerville: Eat Smart, Play Hard (SUS) [40] . SUS was a 3-year non-randomized, controlled trial involving three communities in Eastern Massachusetts. Details of the intervention are reported elsewhere [40, 41] . This study was approved by the Tufts University Institutional Review Board. Assent was obtained from all participants and written informed consent was obtained from all parents.
Participants
Participants included first through third grade children (mean age 7.6 ± 1.0 years) enrolled in the public school systems of the three communities (30 elementary schools in all) in fall 2003 whose parents provided written informed consent [39] . Of the 5,940 children eligible for the study, consent was obtained for 1721 (29%), all of whom were enrolled. Complete height, weight, and age measures were collected for 1351 children. Reasons for missing data included child absence, child having left the area or the school, child refusal, parent withdrawal, and child disability status precluding measurement. Parent and household data were collected through surveys sent to the households of all 1721 consented children. Among the 963 parents who returned the survey, a significantly higher response rate (p < 0.001) was observed for parents of Caucasian children (73.2%, 478/653), when compared to parents of black (48.1%, 111/231) or Hispanic (53.9%, 145/269) children. Child weight status (categorized by BMI-for-age percentile) did not differ between children whose parents completed the family survey and those who did not. The response rate was 62.2% among parents of normal weight children, 58.3% among parents with overweight children, and 56.2% among parents with obese children. The analyses presented in this paper are restricted to children with complete height/weight/age and parent/household data (n = 820) who were not underweight (97.9%). Not all participants responded to every question.
Measures

Demographic, household, and behavioral measures
In addition to child demographic information, which included race/ethnicity (Caucasian, black, Hispanic, Asian, multiracial, or other), age, grade, and sex, collected at the time informed consent was obtained, a 68-item questionnaire, written in the household language (English, 80.0%; Spanish, 8.4%; Portuguese, 9.5%; and Haitian Creole 2.1%), was mailed to parents/guardians. Parent/guardians were asked to report family socio-demographic information: education (less than high school, high school, some college, or college/graduate school), parent weight and height, and selected household characteristics: frequency of having family dinner ("a lot," vs. "sometimes", "rarely", or "never"), and whether the parent was physically active with the child ("a lot" or "sometimes" vs. "rarely" or "never"). Parents were also asked about household rules restricting both snack intake (yes/no) and kitchen access (yes/no). For these variables, parents were asked, "Are there any rules your child has to follow about snacking?" and "Are there any rules your child has to follow about helping him/herself to food in the kitchen?" Questions pertaining to the child, reported by the parent, included intake of fruits, vegetables and low-fat dairy products (servings per day), consumption of sugar-sweetened beverages (servings per week, not including 100% fruit juice), vitamin/mineral supplement use, total hours and/or minutes per week of screen time (TV, video, computer, and video games), having the TV on during dinner (yes/no), having a TV in the child's bedroom (yes/no), and child's involvement in structured physical activities such as team sports or dance lessons over the year (number of sports/ lessons per year) [40, 41] .
Child weight status
Baseline measures of height and weight were obtained, in triplicate, without shoes, by qualified, trained staff following recommended procedures for standardized anthropometric measurement of children in school settings, as previously described [40] . In accordance with CDC guidelines, a BMI-for-age below the 5th percentile was considered underweight, a BMI-for-age between the 5th and 85th percentile was considered normal weight, a BMI-for-age at or above the 85th percentile was considered overweight and a BMI-for-age at or above the 95th percentile was considered obese [42] .
Statistical analysis
Statistical analyses were performed using SPSS statistical software (Version 14.0, SPSS, Inc. 2005, Chicago, IL). Frequency distributions and cross-tabulations of demographic and household variables were examined in relation to normal and overweight categories, with variables of primary empirical interest being frequency of family dinner, household food rules, and race/ethnicity. At the exploratory stage, variables found to be significantly associated with child weight categories (p value < 0.05) were included as covariates in logistic regression models. Variables for child sex and age, consumption of sugar-sweetened beverages, and parent education (education level of most highly educated parent was used as a proxy for socioeconomic status) were also included. The initial model contained frequency of family dinner, child race/ ethnicity, child sex, child age, parent overweight (one or both parents with calculated BMI > 25), parent education, screen time, two servings or less of sugar-sweetened beverages per week (yes/no), number of low-fat dairy servings per day, and whether the child took any type of vitamin/ mineral supplement (yes/no). The sugar-sweetened beverage cut-off represented the lowest quartile of consumption compared to the upper three quartiles. A three-level variable reflecting the use of household rules on snacking and kitchen access rule coded as: zero, one, or two household food rules, was considered in the model.
Finally, based on previous findings in the literature, specific interactions were tested one at a time in the above model. We explored whether the influence of food rules on child weight status was dependent on parent overweight [43, 44] , as well as the relationship between racial/ethnic group and sex, using child overweight as an outcome [45, 46] . Also, based on evidence suggesting that some of the positive effects of family dinner on dietary quality may be diminished by watching TV during dinner [17] , the interaction between frequency of family dinner and TV watching during dinner (coded as "a lot" vs. "sometimes", "rarely" or "never") was assessed. The results of the models are reported as odds ratios (OR) and their 95% confidence intervals (CI).
All tests were two-sided and level of significance was set at p < 0.05. Independent variables shown to influence the model, based on their statistical significance and impact of their presence or absence in the model on the coefficients of other variables (> 10%), were retained. Variables shown to produce less than 10% change in the other coefficients and non-significant p-values were removed from the final model.
Results
The prevalence of child overweight (defined as BMI zscore above the 85th percentile for age) in the sample of 820 children was 38.0%. Prevalence was 35.3% for girls and 40.8% for boys. Table 1 displays demographic variables by child weight status (normal weight vs. overweight). Weight status differed by racial/ethnic group (χ 2 = 16.04, p = 0.014), with Hispanic children most likely (52.2%) to be in the overweight category. As expected, overweight parents were more likely to have overweight children than were normal weight parents (χ 2 = 21.37, p < 0.001).
Health behaviors and household characteristics
Of the parent/guardian respondents, 88% were the child's mother, 10% were the child's father, and fewer than two percent were the child's guardian.
Nearly half of the respondents reported that children ate one serving or fewer of vegetables and one serving or fewer of fruits per day. Mean daily intake was 1.55 (±0.92) servings for vegetables and 1.66 (±0.93) servings for fruits (Table 2) . Additionally, 72% (489/677) reported that their child consumed more than two sugar-sweetened beverages per week. Total screen time, including TV, video games, DVD's, and computers averaged 1404 (±642) minutes per week, or 3.3 hours per day. Nearly 50% of parents reported that their child had a TV in his or her bedroom and almost 40% reported that the child ate dinner with the TV on "a lot" or "sometimes".
In unadjusted analyses, patterns for several health behaviors and household characteristics differed by weight status ( Table 2 ). Households with children in the overweight category were more likely to have rules related to snacking (χ 2 = 9.07, p = 0.002) and about whether or not children were allowed to help themselves to food in the kitchen (χ 2 = 7.55, p = 0.017) than those with children in the normal weight category. Parents/guardians in households with overweight children reported lower frequency of having family dinner "a lot" than children in the normal category (χ 2 = 18.97, p < 0.001). There was no difference between the two weight categories in parent/guardian reports of frequency of being physically active with their children. Overweight children were less likely to take vitamin/mineral supplements than normal weight children (χ 2 = 11.5, p = 0.001). Overweight children had significantly (p = 0.012) more minutes of screen time per week (1476 ± 646) than children in the normal weight category (1360 ± 636 minutes). The number of daily servings of low-fat dairy was higher for normal weight than for overweight children (2.74 vs. 2.57, p = .026), whereas the number of fruits, vegetables, and snacks per day did not vary significantly between groups (Table 2) . Table 3 shows the results of the final logistic regression model predicting the presence of child overweight compared to normal weight. Controlling for the other variables in the model, the likelihood of overweight was higher in Hispanic than Caucasian children (OR = 2.36; CI 1.35 to 4.12). Children in households with one food rule were more likely to be overweight than those in households with no food rules (OR = 2.61; CI 1.33 to 5.09); having two food rules increased the odds ratio for overweight further (3.53; CI, 1.96 to 6.35). Having dinner as a family frequently (reported as "a lot") and reported child use of vitamin/mineral supplements were associated with a lower likelihood of overweight (OR = 0.47; CI 0.31 to 0.71) and (OR = 0.54; CI, 0.37 to 0.78), respectively. Child sex, child age, number of sugar-sweetened beverages consumed per week, parent overweight and parent education were not significantly related to child overweight in this model.
No evidence for interactions between sex and racial/ethnic group, parent overweight and food rules, or family dinner and TV viewing during dinner was evident (p-values for all interaction terms exceeded 0.05). Inclusion of each set of interaction terms had negligible effects on the other covariates.
Discussion
This study is among the first to find that frequent family dinners are associated with lower risk of overweight and that household food rules are associated with higher risk in a socio-economically and racial/ethnically diverse early elementary school population. Specifically, the analyses highlight the cross-sectional relationships between the household practices of family dinners and food rulesetting in relation to child overweight in a multi-racial/ ethnic, urban sample of early elementary school children. The influences were evident after adjusting for a wide variety of demographic and behavioral factors. These findings extend previously documented observations regarding the importance of children's environments, particularly their household environments and parent/caregiver influences, in association with weight status in Caucasian families to racially and ethnically diverse families [3, 13, 48] .
The finding that children whose parents reported having dinner with them frequently were less likely to be overweight than those whose parents reported having dinner with them infrequently or never, is consistent with some, but not all, published research [13] [14] [15] . Having the TV on during dinner was not associated with weight status in our sample and we saw no evidence that having the TV on during dinner influenced the association between family dinner and child overweight. Some evidence suggests that, at least for adolescents, the inverse association between family meals and overweight is restricted to non-Hispanic Caucasians [16] . This cross-sectional study demonstrates that this association occurs in other racial/ ethnic groups. It should be noted that we assessed only the relationship between TV watching during dinner and weight status. Previous studies have emphasized dietary quality in relation to this practice. While family meals without the TV have consistently been associated with higher dietary quality, at least one study demonstrated that even with TV use, family meals provide a dietary quality advantage for children when compared to absence family meals [49] . The finding of greater odds of overweight in children from households with at least one rule restricting food access, and still greater odds in the presence of two such rules was also consistent with previous findings [7, 26, 27] . However, because temporality cannot be determined from cross-sectional data, we are not able to determine whether household food rules restricting snacking and kitchen access precipitated overweight or whether such rules were established by parents in response to their child's weight status. Others have suggested that relationships between parental rule-setting about food intake and children's weight status are complex and not unidirectional [9, 29, 50] . Most studies of food rules and parental restriction have been limited to Caucasian and higher socioeconomic populations [51, 52] . These findings document this association in a racially/ethnically diverse population.
Use of vitamin/mineral supplements was found to vary by weight category and thus was tested in the regression model. It may be that vitamin/mineral supplement use is a proxy for a consistent, organized household or healthy behaviors resulting from overall adaptive family functioning [53] . The concept of household order has been associated with better outcomes in families for other pediatric conditions [54] [55] [56] , but has been less frequently explored in the context of childhood obesity [57, 58] . Interestingly, Joyce and colleagues [59] demonstrated that "parenting chaos", or the degree of inconsistency and unpredictability in parenting routines in the context of eating [60] , may moderate the relationships among food restriction, disinhibited eating and child BMI. Specifically, the association between food restriction and disinhibited eating was stronger in households with higher levels of parent chaos [59] .
Having frequent family dinners may also be related to household order [61] . It is also plausible that use of vitamin/mineral supplements and having frequent family dinners may correlate with socio-economic status (SES). That low SES may be associated with a poorer home environment overall and thereby an increased risk for obesity has been previously observed [62, 63] . However, parental education, an SES indicator, was accounted for in this present study. Overall, these findings suggest the need for further investigation and, as Fiese and colleagues indicate the importance of investigating household and family routines in the broader context of social, economic and cultural factors [64] .
Indeed, differences in context may explain discrepancies seen across studies in associations between childhood weight status and the household and family factors discussed above. For instance, child feeding practices have been shown to vary across both socioeconomic status and racial/ethnic groups [65] and some have suggested that cumulative effects of neighborhood and family level factors must be considered when explaining environmental risk factors for childhood obesity [64] . Gaps remain in fully describing these associations.
This study had several strengths. This investigation lends to the knowledge base in this area as it was conducted in an ethnically diverse population, assessed a range of sociodemographic variables, and explored a wide variety of behavioral and household issues. All questionnaires and study materials were translated into parents' native languages to support inclusion of a more diverse sample of respondents than has typically been included in similar studies. Finally, sample size was sufficient to build a model that supported analysis of a substantial number of variables simultaneously.
Several limitations are noteworthy. Most importantly, the cross-sectional design precludes determination of causality. Also, this study, like others [15] used qualitative descriptors of characteristics that are poorly suited for direct quantitative interpretation. For example, physical activity was assessed via questions about involvement in organized physical activity, such as team sports or swimming lessons. While this approach yields information about the type, frequency, and consistency with which children in the sample engaged in physical activity, it fails to capture non-organized physical activities, such as riding a bicycle or playing neighborhood basketball. This discrepancy may explain the lack of an observed effect of physical activity on weight status. Additionally, all information from parent questionnaires was self-reported and, as such, may be subject to both error and bias. Further, the dichotomous (yes/no) response choices for the household food rule questions do not fully capture nuances that are likely to exist in the area of household food restriction. For instance, food rules may be time or context-specific, permanent or temporary, and may represent a wide range in terms of degree of restrictiveness. Lastly, the response rate from parents of racial/ethnic minority children was significantly lower than for parents of Caucasian children. This may have influenced the internal validity and generalizability of results.
Conclusions
This study adds to the body of evidence supporting an inverse association between frequency of family meals and child overweight, and to the literature suggesting a positive association between restrictive parental food rules and child overweight. To date, research on the role of household and family factors and child weight status in diverse and low socioeconomic status populations has been limited and to some degree inconclusive. Given the disproportionate prevalence of pediatric obesity in these populations, large scale, prospective, hypothesis-driven studies using valid, comprehensive instruments [66] are needed to explore the interaction of family and household characteristics, on the development of children's eating and physical activity habits and the subsequent effects on weight status. Elucidating specific mechanisms through which parents exert influence, such as rule-setting, modeling, shaping attitudes and preferences, or influencing the development of self-regulation and how these interact with parent weight status and other environmental contexts may be of particular importance. Future studies should also consider looking at a broad age range -from preschool through young adulthood -to determine how these effects may change over time. Authors' contributions SIH performed data analysis and interpretation and drafted the manuscript. CDE was the principal investigator for the larger intervention from which data for this current analysis was drawn and assisted in drafting and editing the manuscript. MN participated in design of the larger intervention contributed to manuscript editing JPG participated in design of the larger intervention contributed to manuscript editing RH assisted in data analysis and manuscript editing ENN participated in design of the larger intervention contributed to manuscript editing. SEA assisted in data analysis, interpretation and manuscript editing AM participated in design of the larger intervention, interpretation of analyses, and contributed to manuscript conceptualization and writing. All authors read and approved the final manuscript.
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